Objectives. It is generally accepted that the aetiology of craniomandibular dysfunction (CMD) is multifactorial. Different types of malocclusion, oral parafunctions especially bruxism, trauma of the mandible or temporomandibular joint (TMJ) and emotional stress are known aetiologic factors. Research has been conducted into the relationship between each of these aetiologic factors and the signs and symptoms of CMD. However, such an approach does not control for the simultaneous effect of other factors responsible for the development of the dysfunction. The purpose of this study was to investigate the effect of each aetiologic factor on the signs and symptoms of CMD in children, controlling for the effect of all other known factors by means of a multifactorial analysis. Methods. A sample of 314 children, aged 6-8 years, was examined clinically for signs of CMD and morphologic and functional malocclusion. Symptoms of CMD and oral parafunctions were recorded by the same investigator in an interview. Emotional stress was measured through urinary catecholamines including epinephrine, norepinephrine and dopamine, detected in a 24-h urine sample, using high performance liquid chromatography. A questionnaire was distributed to the parents to collect information regarding socioeconomic factors and the history of dentofacial injuries. A logistic multiple regression was carried out to estimate the partial effect of each aetiologic factor. A 95% probability level was used. Results. Posterior crossbite with lateral shift significantly affected the probability of child developing deviation of the mandible on opening. Similarly, posterior crossbite and epinephrine had a significant impact on TMJ tenderness, overjet had an effect on clicking, clenching and biting of objects had an effect on muscle tenderness, and lip/cheek biting influenced dysfunctional opening. Of the symptoms reported, pain on wide opening was affected significantly by lip/cheek biting. Conclusion. On the basis of these results, it can be suggested that parafunctional and some structural and psychological factors may increase the probability of the child developing the signs and symptoms of CMD.
Introduction
It is generally accepted that the aetiology of craniomandibular dysfunction (CMD) is multifactorial. Different types of malocclusion, oral parafunctions, especially bruxism, trauma of the mandible or temporomandibular joint (TMJ) and stress are known aetiologic factors. In the past, research has been conducted to determine the relationship between each of these aetiologic factors and the signs and symptoms of CMD. However, this approach does not control for the simultaneous effect of other factors responsible for the development of the dysfunction.
The purpose of this study was to investigate the effect of each aetiologic factor on the signs and symptoms of CMD in children, controlling for the effects of all other known factors by means of multifactorial analysis.
Methods

Study population
A total of 314 children from five publicly funded schools, 161 boys and 153 girls, aged 6-8 years, were included in the sample. Children who were absent during the examination period were excluded from the study. The parents were invited to the schools and the investigators explained the study procedures. A consent form was signed by the parent and returned to the investigators. Prior permission for use of human subjects in this study was obtained from the appropriate health ministry and school district authorities.
Definition of craniomandibular dysfunction
In this study, CMD was defined using a set of signs and symptoms. The signs were detected clinically, while the symptoms were reported by the patients. Children with one or more of these signs and symptoms met the criteria for a positive diagnosis of CMD. This operational definition was based on the assumption that any of these signs and symptoms might initiate a more serious condition in later life.
Clinical examination
Signs All children were examined in an upright position by one investigator in a mobile dental clinic equipped with a dental chair and standard light source. Signs of CMD recorded in this study closely follow those proposed by Egermark-Eriksson [1] , Nilner [2] , Brandt [3] and Vanderas [4] . The following items were included:
Maximal mouth opening Maximal opening was determined by measuring the distance between the incisal edges of the upper and lower central incisors with a Boley gauge (European Orthodontic Products, St Paul, Minnesota, USA) and adding the value of overbite [1] [2] [3] . The subjects were asked to open their jaws as wide as possible and then 'a little bit more. ' The comfortable opening width, that was not associated with pain, and maximal opening, that was associated with pain, were measured. If the opening is not restricted by signs of CMD, the comfortable and maximal openings are the same. Any difference between comfortable and maximal openings was considered dysfunctional [5] . All measurements were performed twice and the highest value was recorded. All values were rounded to the nearest mm or half mm.
Temporomandibular joint function Deviation of the mandible to the left or right on maximal opening was determined by measuring the distance of the midline between the lower central incisors in relation to the upper midline; a pencil marker, a ruler and a Boley gauge were used. Any deviation of 1 mm or more was recorded as a sign of CMD.
Temporomandibular joint sounds, like clicking and crepitation were determined using a stethoscope (Premature stethoscope model H-01516, Aero Products, Longwood, FL, USA). Each subject was asked to open the mouth wide and then slowly close together.
Temporomandibular joint and muscle palpation
Temporomandibular joint tenderness was determined by palpating from the side (laterally) and from behind (via the auditory meatus). Any instances of pain on palpation, or pain producing a guarding or a palpebral reflex were recorded.
Muscle tenderness was determined by palpation and was recorded in the same way as temporomandibular joint tenderness. The following muscle sites were palpated: the anterior and posterior portions of the temporal muscle, the superficial portion of the masseter muscle, the lateral and medial pterygoid muscles and the sternocleidomastoid muscle. The palpation was carried out bilaterally except for the lateral, medial pterygoids and sternocleidomastoid muscles, which were palpated individually. Palpation of the lateral and medial pterygoid muscles was performed as described by Williamson [6] .
Malocclusion
At the occlusal examination the following variables were recorded:
Morphologic malocclusion 1 Posterior crossbite (PC) was determined when one or more of the maxillary posterior teeth (distal to the cuspid) were located either buccal or lingual to the mandibular teeth [3] . Posterior crossbite with lateral shift (functional) was recorded separately. 2 Anterior crossbite (AC) was recorded if one or more of the maxillary anterior teeth (cuspid to cuspid) were located lingually to the mandibular anterior teeth. 3 Open bite (OB) was recorded if the vertical overbite was negative and there was no contact of the maxillary anterior teeth (cuspid to cuspid) with the corresponding mandibular teeth (overbite < 0). 4 Deep bite (DB) was judged to exist if the anterior upper teeth covered more than half the length of the crowns of the lower anterior teeth [7] . A mark of the mandibular incisor with a sharpened pencil was used to help the examiners. 5 Overjet (OJ) was determined by measuring the distance between the labial surface of the upper central incisor and the labial surface of the lower central incisor with a ruler. Any distance greater than 4 mm was considered an excessive overjet.
Functional malocclusion
1 Anterior-posterior distance between retruded and intercuspal positions (APD): The mandible was guided into a retruded position by the examiner by exerting a distinct posterior pressure against the chin [8] . The subject was then asked to close the mouth into an intercuspal position. A distance of 1 mm or more, measured with a ruler as the difference in overjet between the two positions [7] , was recorded as a positive finding [3] . 2 Lateral deviation between retruded and intercuspal positions (LD): The position of the mandible was achieved in the same way as in the measurement of APD. A lateral deviation of more than 0·5 mm, measured by a ruler and pencil markings on the upper and lower central incisors, was recorded as a positive finding [9] . 3 Interference in the terminal hinge movement (IR): The mandible was guided into a retruded position by the examiner [10] . Interference was noted by inspection [11] and by observation of a soft, indistinct sound [12] . 4 Non-working side interferences. These interferences were recorded anywhere during the course of full lateral excursion [1] .
Patient interview
Symptoms All children were interviewed by the examiner after the clinical examination. The questions were designed to ascertain whether children had headaches which occurred twice a week or more, pain in the temporal region or when the mouth was opened wide or when chewing, difficulties in opening the mouth wide as well as the occurrence of temporomandibular joint sounds and locking of the mandible during movement. Headaches of unknown aetiology only were recorded [4] .
Oral parafunctions The oral parafunctions recorded at interview were grinding, clenching, lip/cheek biting, nail biting, biting on a foreign object and thumb sucking [13] . Bruxism (grinding and/or clenching) was defined in this study as nonfunctional movements of the mandible with or without audible sound, which could occur during the day or night [14] . Clinical evidence of bruxism was indicated by the presence of bruxofacets in the primary and permanent teeth.
Emotional stress
Emotional stress was ascertained in this study by measuring the urinary catecholamines such as epinephrine, norepinephrine and dopamine. A 24-h urine sample was collected for each subject. Each child was asked to void in the morning and then collect all urine passed for the following 24-h period. Written and verbal instructions were given to parents and children concerning the collection procedure. During school time the urine was collected by the investigators. Collection at home was preceded by a reminder telephone call to the parents. Urine collection and detection of catecholamines by high performance liquid chromatography (HPLC) were reported in detail in previous studies [15, 16] .
Only 24-h urine samples were analysed. A urine sample was considered to be complete when the parents and the children reported that all urine passed by the child at home was collected. No dietary restrictions were applied to the subjects [17] .
Historical evidence of dentofacial injury
A standardized questionnaire was distributed to the parents so that information regarding dentofacial injuries could be collected. The questions were as follows: 'Did your child ever have an injury to the back or front teeth'? 'Did your child ever have an injury of the lips, chin, cheeks, nose, eyes or forehead'? The parents could respond to the questions by answering 'Yes', 'No' or 'I don't know' and, in the case of a positive answer, were asked to describe the injury [18] .
Socioeconomic factors
Socioeconomic factors including parental age, education and occupation were recorded via a questionnaire. Parental education was categorized as primary school, high school or college. The parents were asked to report any other education not included in these categories. According to the reported occupation, the parents were classified as white-or blue-collar workers. Non-manual workers including shop salespersons and shop assistants were included in the white-collar group and the remainder were classified as blue-collar [19] .
Intra-examiner reliability test
Twenty-five children were randomly selected and re-examined within a week of the first clinical examination and an intra-individual reliability test was conducted.
Statistical methods
The data were analysed using the STATA statistical package (Stata Statistical Software, Release 6·0, Stata Corporation, College Station, TX, USA). A logistic multiple-regression analysis was employed to test whether the presence of each sign or symptom of craniomandibular dysfunction was affected by a number of variables including malocclusion, oral parafunctions and dentofacial injuries. All recorded variables were included in the regression to allow for the estimation of a partial effect exercised by each explanatory variable. In addition, the variables measuring catecholamine levels and a number of socioeconomic factors were included as explanatory variables to account for the effect of a child's emotional stress and social status. As the three catecholamines (epinephrine, nor-epinephrine and dopamine) were highly correlated, separate runs were performed for each.
Intra-examiner agreement for the clinical examination and the questionnaire was evaluated using the kappa statistic and correlation coefficients were computed for the mandibular movements. A 95% probability level was used to define statistical significance. Table 1 shows the distribution of the children by age and gender. Tables 2 and 3 present the prevalence of signs and symptoms of CMD, respectively, and Tables 4 and 5 reveal the prevalence of malocclusion and oral parafunctions, respectively. Table 6 shows the mean parental age and the percentages of the other socioeconomic factors in children with and without signs and symptoms of CMD. Of the total number of children, 273 completed the 24-h urine sample. None of the children had a disease or took medication which could have affected the catecholamine content. The prevalence of the reported evidence of dentofacial injuries was 22·16%.
Results
The logistic multiple regression analysis showed that posterior crossbite with lateral shift significantly affected the probability of the child having deviation of the mandible on opening (Table 7) . Similarly, posterior crossbite and epinephrine level had a significant impact on TMJ tenderness, overjet had an effect on clicking, clenching and biting of objects had an effect on muscle tenderness, while lip/cheek biting affected dysfunctional opening (Table 7) . Of the symptoms reported, pain on opening the mouth wide was affected significantly by lip/cheek biting ( Table 8 ). The rest of the variables did not have any significant effect on the signs and symptoms of dysfunction. Regarding intra-examiner reliability tests, the kappa statistics were 0·76, 0·56, 0·78 and 0·43 for signs, symptoms, malocclusion and oral parafunctions, respectively. With respect to the mandibular movements, the correlation coefficients between the first and second examinations ranged from 0·56 to 0·87.
Discussion
The present cross-sectional study investigated the impact of each aetiologic factor on the signs and (8) 20·29 (32) 4·58 (7) 28·76 (44) Values are given as percentages and figures in parentheses indicate the number of children. (8) 3·73 (6) 4·35 (7) 14·29 (23) 14·91 (24) 3·73 (6) 9·32 (15) 95·65 (154) 2·48 (4) Girls 13·73 (21) 5·88 (9) 7·19 (11) 8·50 (13) 9·15 (14) 15·03 (23) 0·65 (1) 15·03 (23) 92·16 (141) 1·96 (3) Values are given as percentages and figures in parentheses indicate the number of children. Values are given as percentages and figures in parentheses indicate the number of children. symptoms of CMD in children, controlling for the effect of all other known factors by means of a multifactorial analysis. This approach implies that the presence of signs and symptoms of CMD cannot be explained by the identification of one factor as the sole cause of the dysfunction but that other factors may also be of importance. It is also likely that when an individual is exposed to two or more aetiologic factors, a synergistic effect occurs. This study therefore provides a different perspective in the aetiology of CMD.
The results of the multiple regression analysis showed that, of the different types of morphologic and functional malocclusion, posterior crossbite had significant impact on TMJ tenderness, overjet on clicking and posterior crossbite with lateral shift on the deviation of the mandible on opening. These findings imply that these types of malocclusion can contribute to the presence of certain signs of dysfunction. Most of the literature [20, 21] reported that malocclusion cannot be considered a dominant aetiologic factor in dysfunction. Although not completely contradictory to this, the results of this investigation suggest that the contribution of some types of malocclusion to the presence of certain signs of dysfunction is not zero.
Of the oral parafunctions, clenching and object biting significantly affected the probability of the child having muscle tenderness, while lip/cheek biting had a significant impact on dysfunctional opening. This result concurs with the findings of other investigations, which reported a significant association between these parafunctions and the signs of dysfunction [22] . 
Values are coefficients and figures in parentheses are the P values. ns = not significant.
Regarding emotional stress, epinephrine had a significant impact on TMJ tenderness, while norepinephrine and dopamine did not significantly affect any signs of CMD. This result shows that as the value for epinephrine increases, the probability of having TMJ tenderness rises. It has been reported that emotionally stressful states such as anxiety and stress produce increased epinephrine secretion [23] [24] [25] [26] . Other studies conducted on children reported a significant association between emotional stress and TMJ tenderness [27, 28] . In adolescents, two studies [29, 30] showed a significant association with dysfunction index, whereas an association with temporomandibular joint sounds was found in children and adolescents [31] . In these studies, emotional conditions were measured subjectively using a questionnaire.
Of the symptoms reported, pain on opening wide was affected significantly by lip/cheek biting, but no other significant effect on symptoms was found in relation to the variables studied. Also, dentofacial injuries, socioeconomic factors, age and gender did not have any significant impact on the signs and symptoms of CMD in this study. Katzberg et al. [32] , however, reported trauma as a cause of TMJ pain in 26% of paediatric CMD patients.
When interpreting the results of the present investigation the following factors should be taken into consideration. Firstly, most of the signs detected in the subjects were in the subclinical phase of the disease, and in many cases symptoms had not yet developed. All signs and symptoms were in general mild. Secondly, the cross-sectional nature of the study may have affected the results. As is known, this type of study estimates the relationship of the relevant factors only at the time the investigation was conducted. Thirdly, considering all known aetiologic factors in a multiple regression analysis is more realistic than single comparisons, as, in biology, it is unlikely that any two or more factors operate in isolation.
With respect to urinary catecholamines, it should be pointed out that the objective measurement of emotional stress in clinical trials is a complex procedure. Emotional stress may fluctuate daily and individuals may react differently even in the presence of the same stimulus. Therefore some difficulties may be encountered when deciding the number of measurements and the period to be studied, as well as the time interval between each measurement. In this study, the detection of catecholamines was performed by means of high performance liquid chromatography (HPLC) which is highly specific, accurate and sensitive [33] .
The examination methods which related to malocclusion, oral parafunctions, dentofacial injuries and to signs/symptoms of CMD, have been used in other studies conducted on children and adolescents [1] [2] [3] [4] 13, 21] . The values of kappa statistic, in this study, showed a fair to substantial agreement, which was considered to be beyond chance. It has been reported that signs and symptoms of CMD fluctuate over time [34] [35] [36] . Also, clinical experience suggests that signs and symptoms disappear within 3-4 days of onset in some paediatric CMD patients, irrespective of any treatment. With respect to bruxism, one methodological limitation in recording this parafunction is the assessment procedure. Different methods such as questionnaires, interview, tooth wear, electromyography, intra-oral transmitters and muscle symptoms have been used in the past [37] , although no agreement has been reached to date on the ideal method of recording bruxism. It has been reported that the errors expected using an interview or a questionnaire to collect information may result in under-or over-reporting. In addition, although bruxofacets can be measured objectively, these may not indicate the subject's current level of bruxism [38] . However, as these methods are used in clinical practice to identify bruxism, they may be used in clinical studies as well. Other oral parafunctions reach consciousness more immediately and the frequency reported during an interview is more likely to reflect the true prevalence of these activities.
The results of the present cross-sectional study showed that posterior crossbite, overjet, clenching, lip/cheek biting, object biting and urinary epinephrine levels had a significant impact on the presence of signs and some symptoms of CMD. On the basis of these results, it can be suggested that parafunctional, and some structural and psychological factors may increase the probability of the child developing the signs and symptoms of CMD. However, longitudinal investigation of the simultaneous effect of these variables on the signs and symptoms of dysfunction is necessary before this hypothesis is accepted.
Résumé. Il est généralement admis que l'étiologie de la dysfonction crânio-mandibulaire (CMD) est multifactorielle. Différents types de malocclusion, de parafonctions orales notamment bruxisme, de traumas de la mandibule ou de l'articulation temporo-mandibulaire (TJM) et de stress émotionnels sont répertoriés en tant que facteurs étiologiques. Des travaux de recherche ont été menés dans le passé sur la relation entre chacun de ces facteurs et les signes et symptômes de CMD. Cependant, une telle approche ne contrôle pas l'effet simultané d'autres facteurs responsables du développement de la dysfonction. Le but de cette étude a été d'évaluer l'effet de chaque facteur étiologique sur les signes et symptômes de CMD chez l'enfant en contrôlant l'effet de tous les facteurs connus au moyen d'une analyse multifactorielle.
Un échantillon de 314 enfants âgés de 6 à 8 ans a été examiné pour des signes de CMD et de malocclusion morphologique et fonctionnelle. Les symptômes de CMD et les parafonctions orales ont été notés par le même investigateur lors d'un rendez-vous. Le stress émotionnel a été évalué par mesure par HPLC des cathécolamines urinaires dont l'adrénaline, la noradrénaline et la dopamine, dans un échantillon urinaire de 24H. Un questionnaire a été distribué aux parents pour collecter des renseignements sur les facteurs socio-économiques et les antécédents d'atteintes dento-faciales.
Une régression logistique multiple a été réalisée pour estimer l'effet partiel de chaque facteur éti-ologique. Un niveau de probabilité de 95% a été retenu. Les résultats ont montré qu'un inversé d'articulé postérieur avec glissement latéral affectait significativement la probabilité de l'enfant de développer une déviation de la mandibule lors de l'ouverture. De même, un inversé d'articulé postérieur et l'adrénaline avait un impact significatif sur la souplesse de la TJM, le surplomb sur le claquement, serrer les dents et mordre un objet sur la souplesse musculaire, tandis que la morsure de la lèvre ou de la joue avait une influence sur une ouverture dysfonctionnelle. Parmi les symptômes, la douleur et l'ouverture en grand étaient affectées significativement par la morsure de lèvre/joue. Sur la base de ces résultats, il peut être suggéré que les facteurs parafonctionnels et certains facteurs structuraux et psychologiques peuvent augmenter la possibilité pour un enfant de développer des signes ou symptômes de CMD. Resumen. Está generalmente aceptado que la etiología de la disfunción cráneomandibular (DCM) es multifactorial. Diferentes tipos de maloclusión, parafunciones orales especialmente bruxismo, traumatismo de la mandíbula o de la articulación temporomandibular (ATM) y el estrés emocional son factores etiológicos conocidos. La investigación se ha dirigido en el pasado hacia la relación entre cada uno de estos factores etiológicos y los signos y síntomas de la DCM. Sin embargo este planteamiento no controla el efecto simultáneo de otros factores responsables en el desarrollo de la disfunción. El propósito de este estudio fue investigar el efecto de cada factor etiológico sobre los signos y síntomas de la DCM en niños controlando el efecto de los otros factores conocidos por medio de un análisis multifactorial. Se examinó clínicamente una muestra de 314 niños entre 6 y 8 años de edad, buscando signos de DCM y de maloclusión morfológica y funcional. El mismo investigador, en una entrevista registró los síntomas de DCM y de las parafunciones orales. Se midió el estrés emocional por medio de las catecolaminas urinarias que incluía la epinefrina, la norepinefrina y la dopamina, detectadas en una muestra de orina a las 24 h, usando cromatografía líquida de alta definición. Se distribuyó un cuestionario a los padres para recoger información en relación con los factores socioeconómicos y la historia de lesiones dentofaciales. Se realizó una regresión logística múltiple para estimar el efecto parcial de cada factor etiológico. Se usó el nivel de probabilidad del 95%. Los resultados mostraron que la mordida cruzada posterior con deslizamiento lateral afectaba significativamente la probabilidad de desarrollar desviación de la mandíbula en la apertura. De forma similar, la mordida cruzada posterior y la epinefrina tenían un impacto significativo sobre la sensibilidad de la ATM, la sobremordida sobre los chasquidos, el apretamiento de dientes y el mordisqueo de objetos sobre la sensibilidad muscular, mientras que la mordedura de labio/mejilla influyó en la disfunción de la apertura. Dentro de los síntomas, el dolor en la apertura extensa estaba significativamente afectado por la mordedura de labio/mejilla. Según la base de estos resultados, puede sugerirse que los factores parafuncionales y algunos factores estructurales y psicológ-icos pueden aumentar la probabilidad en el niño de desarrollar signos y síntomas de DCM.
Zusammenfassung
